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PEACH ORCHARD SOIL MANAGEMENT STUDIES 1 
BY 
A. L. STARK AND D. W. THORNE 2 
P EACHES are the most important fruit crop in Utah. The total number of peach trees is greater and the volume of fruit produced for market is larger than of 'any other fruit. 
Most of the peaches are produced bya large number of growers 
who have small plantings. These small orchards contribute sub-
stantially to the total income of the growers 'and it is, therefore, 
important that maximum yields of high quality fruit be obtained 
from limited 'acreage. 
A survey of the fruit production problems in Utah reported in 
1938 (13) indicated that poor soil management practices were 
important in contributing to the frequently poor yields. Since no 
data were available to indicate the best fertilizers and tillage 
practices for Utah orchard conditions, experiments were planned 
to give useful information on these points. Studies included com-
parisons between five different fertilizer treatments and between 
three tillage and cover crop pr·actices. Tests were conducted for 
five years (1940-1944) in orchards carefully selected to be repre-
sentative of peach growing conditions in the state. 
THE EXPERIMENTAL ORCHARDS 
TwO ORCHARDS were selected for soil management investigations. 
The first was on the Perry Dalton fruit farm in Willard, about 
four miles south of Brigham. This orchard is located on ·a recent 
alluvial soil consisting of a deep gravelly loam. The trees were 
about nine years old at the beginning of the experiment and were 
in a high state of productivity. The land had received frequent 
additions of farm manure and had been m'anaged with the com-
mon combination of weeds and periodic cultivations between 
the trees during the period prior to the beginning of these experi-
ments. Adequate irrigation water was available from Three-Mile 
Creek Canyon and Pine View Irrigation Cana1. 
The second orchard selected was the East Bench fruit farm 
about three miles east of Spanish Fork, near the mouth of Spanish 
Fork Canyon. The soil is clay loam for the surface 12 to 24 
inches underlain by coarse grave1. It is classified as Orem clay 
1 Contribution of the Departments of Horticulture and of Agronomy, Utah 
Agricultural Experiment Station, Report on project 203-Pumell. 
2 Formerly research associate professor of horticulture and research professor 
of agronomy, respectively. 
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loam. This orchard was about ten years old at the time the 
experiment was started and the trees were generally healthy but 
were making poor growth. In the eastern part of the orchard irri-
gation water had washed the soil severely, so that in places 6 to 12 
inches of top soil had' been removed from between tree rows. This 
soil had accumulated a few hundred feet down the rows giving ·a 
heavy silted layer of top soil with poor aeration. Some yellowing 
of the leaves resulting from' iron unavailability was evident in 
this silted area. The orchard had been allowed to grow up with 
weeds ·and yellow sweet clover. No consistent cultivation program 
had been practiced. Some manure had been previously applied 
to the land, but the amounts had been inadequate for best fruit 
production. Strong winds blow during the winter 'and during 
the summer nights from Spanish Fork Canyon. These winds have 
caused some deformities in the trees, and have been a source of 
loss of fruit from limb rubs. A windbreak was established to the 
east to improve this situation but was only partially effective dur-
ing the experimental period. Ample irrigation water is ·available 
from Spanish Fork Canyon. 
ARRANGEMENT OF EXPERIMENTS 
A UNIFORM SET of soil management treatments was planned for 
both experimental orchards. The orchards were divided into 
blocks,each ten tree rows wide ·and consisting of three pair of 
"experimental" rows separated by "border" rows. Three cover crop 
practices were selected: winter vetch, alfalfa, and periodic culti-
vation with weed growth permitted during the summer months. 
Each cover extended through a block covering three ·adjacent 
middles between the rows of "border" trees. Five types of fertilizer 
treatments were randomized within each cover treatment: nitro-
gen, phosphorus, nitrogen and phosphorus combined, farm man-
ure, and no fertilizer. Pairs of trees adjacent in the two experi-
mental rows were treated with each fertilizer treatment. A pair of 
buffer trees was left and then another pair of trees fertilized. The 
general arrangement of experimental treatments within a block of 
trees is shown in figure 1. 
Two experimental blocks were laid out in the Dalton orchard 
and three blocks in the East Bench orchard. Experimental trees 
were selected for uniformity in size and freedom from disease or 
injury. To obtain uniformity some pairs of trees were skipped 
leaving here and there more than one pair of buffer trees together. 
The orchard managers took care of the trees in the experi-
mental blocks according to their usual management practices, with 
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the necessary modifications for green manure crops and other ex-
perimental procedures. Experiment Station staff members did the 
pruning, took measurements of tree growth, ,applied the fertilizer, 
assisted with fruit thinning, obtained data on fruit yield and 
grade, sampled the soil and analyzed it, and conferred with the 
orchard owner on the management practices. 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Fig. 1. Diagram illustrating the arrangement of treatments in a representa-
tive replication in a Late Elberta experimental orchard. Open circles indicate 
filler trees; dark circles indicate e~perimental trees; 0 indicates no fertilizer; 
N indicates 3 lbs. ammonium sulfate per tree; P indicates 3 lbs. treble super-
phosphate per tree; NP indicates ammonium sulfate and treble treatments 
combined; M indicates 10 tons farm manure per acre 
The data obtained from the Dalton orchard were analyzed 
statistically. The data from the East Bench orchard were quite 
variable and were not analyzed. The detailed analysis of the Dal-
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ton orchard data has been placed in an appendix. The table num-
bers in the appendix correspond with those for the simplified data 
in the bulletin. 
COVER CROP AND FERTILIZER TREATMENTS 
ALFALFA WAS PLANTED within the experimental blocks in both 
orchards in the spring of 1940 and was continued throughout 
the duration of the experiment until the fall of 1944. All growth 
was allowed to remain on the land and was disked under in early 
fall and late spring. 
Vetch was planted each year following the fruit harvest. Some 
growth was made in the fall, but the principal growth was in early 
spring. The vetch was disked into the land about the middle of 
June of each year. Considerable difficulty was found in obtaining 
good vetch stands because of drought in the fall and the short 
period between the end of the peach harvest and the beginning of 
killing frosts. 
In the combination weed and cultivation practice, the land 
was clean cultivated in the spring until about June 1, then allowed 
to grow weeds until after fruit harvest. The land was again disked 
or cultivated in the fall. 
The fertilizer treatments were as follows: 
1. Nitrogen-ammonium sulfate, three pounds per tree, was 
broadcast on the soil surface over an area slightly greater than 
the drip from the branches. 
2. Treble superphosphate, three pounds per tree, was placed 
into the ground by opening with a spade about twenty or more 
holes around each tree and placing small quantities of phosphate 
in the bottom of each hole four to six inches deep. 
3. Nitrogen plus phosphate-ammonium sulfate, three 
pounds per tree, plus treble superphosphate, three pounds per tree, 
were each applied as described above. 
4. Farm m'anure-cow manure at the rate of ten tons per 
acre was broadcast -about the trees and dis ked into the soil. 
5. No fertilizer. 
The fertilizers and manure were applied in March about two 
or three weeks before early blossom stage. 
RESUL TS OF THE EXPERIMENTS 
YIELD OF PEACHES IN RELATION TO SOIL MANAGEMENT 
PRACTICES 
Fertilizer: The yields of peaches in relation to fertilizer treat-
ments are shown in tables 1 and 2. On the East Bench fruit farm 
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frost eliminated the crop in 1941. The data for the remaining four 
years showed that the highest yields were obtained with the nitro-
gen plus phosphate fertilizer for two 'Of the years and for an over-
all average 'Of all years. The manure-treated trees, and the trees 
receiving nitrogen alone were somewhat comparable in average 
yields. The average annual increase in yields from the nitrogen 
Table 1. The yield of Elberta peaches as influenced by fertilizer treatments 
(East Bench fruit farm, Spanish Fork) 
Treatment 1940 
t'iitrogen ........................................ 271 
Phosphate ...................................... 216 
Nitrogen plus phosphate ............ 317 
Manure ............................................ 322 
No fertilizer .................................... 286 
1941 1942 1943 1944 Average 
bushels per 100 trees 
frost 346 301 219 
frost 311 259 198 
frost 400 295 284 
frost 397 253 225 
frost 320 267 238 
284 
246 
324 
299 
278 
Table 2. The yield of Elberta Peaches as influenced by fertilizer treatments. 
(Dalton orchard, Willard) 
Treatment 1940 1941 1942 1943 1944 Average 
bushels per 100 trees 
Nitrogen ...................................... 281 384 221 499 365 350 
Phosphate .................................... 245 258 136 363 307 262 
Nitrogen plus phosphate ......... .319 361 309 527 396 381 
Manure ........................................ 324 348 219 510 420 364 
No fertilizer ................................ 240 236 114 289 312 238 
Difference necessary ........ 19:1 37 78 109 64 
for significance .............. 99:1 52 109 153 97 
Differences between yields are not significant for the years 1940 and 1944. 
plus the phosphate fertilizer amounted to 46 bushels per acre. 
Trees receiving phosphate alone had a lower average production 
than those which received n'0 fertilizer. This difference may have 
resulted from natural variability -among trees. It is generally reCQg-
nized, however, that an abundance of phosphate intensifies nitro-
gen deficiency symptoms. The yield data 'On this orchard did not 
show the differences from fertilizer treatment that might have 
been expected because from fertilizer treatment in the green-ripe 
stage for carlot s~ipment and irrigation was neglected in some sea-
sons. In 1943 some of the trees were allowed to suffer so severely 
with drought that fruit wilted on the trees before full maturity. 
Harvesting when most of the fruit was in the green-ripe stage 
would result in reduced yields in trees receiving nitrQg-en and 
manure because of later maturity. 
In the Dalton orchard (table 2) yields were obtained during 
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each of the five years of the experiment. In 1942, however, the 
crop was light as a result of a frost in the spring. As in the Spanish 
Fork orchard, the largest average yields were obtained from the 
nitrogen plus phosphate treatment, followed by farm m'anure, 
nitrogen alone, phosphate alone, and no fertilizer, respectively, but 
there was no statistically significant difference between the three 
best treatments: nitrogen plus phosphate, nitrogen alone, or man-
ure. The aver,age increase per year from the highest yielding fer-
tilizer treatment, nitrogen plus phosphate, over the unfertilized 
trees amounted to about 143 bushels per acre. This increase varied 
from 79 bushels in 1940, the first year of the experiment, to an 
increase of 238 bushels in 1943. 
An increased yield from phosphorus in addition to nitrogen 
was consistent in both orchards except in 1941 in the Dalton 
orchard and in 1943 in East Bench orohard. This response to phos-
phate has not been reported in most fertilizer experiments with 
peaches in other states, and while the difference is not statistically 
significant here, its consistent occurrence supports a concept of 
benefit from phosphate under these conditions. Any better response 
from phosphate in these ·experiments in comparison with tests else-
where may be because the phosphate was dug into the soil, making 
it positionally available to the trees. It is known that phosphate 
scattered on the surface moves down through the soil very slowly, 
and often does not penetrate to the depth ·at which the tree roots 
feed. 
Cover Crops: Differences from cover crop treatment could hardly 
be expected in as short a time as five years. The yields in relation 
to cover crop treatments are shown in tables 3 and 4. Since the 
Table 3. The yield of Elberta peaches as influenced by orchard cover crop 
practices. (East Bench fruit farm, Spanish Fork) 
Cover crops 1940 
Cultivation ______________ ________ ____________ 335 
Vetch ______________ _________ __ __ ______ __________ _ 261 
Alfalfa ___ ___________ __________ __ ____ ____________ 249 
1941 1942 1943 1944 Average 
bushels per 100 trees 
frost 
frost 
frost 
378 
354 
332 
259 
314 
252 
238 
242 
214 
303 
293 
262 
Table 4. The yield of Elberta peaches as influenced by orchard cover crop 
practices. (Dalton orchard, Willard) 
Cover crop 1940 1941 1942 1943 1944 Ayerage 
bushels per 100 trees 
Cultivation __ __________________ __ __________ __ 320 353 212 505 369 352 
Vetch _______________ ___________ ___ ____________ ___ 288 291 187 433 297 299 
Alfalfa ____ ___ ________ __ _______ __ ________________ 328 308 197 379 415 307 
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cover crop treatments were only replicated twice in the Dalton 
orchard and three times in the East Bench orchard, their accuracy 
is much lower than that of the fertilizer treatments which were 
replicated six times in the one orchard and nine times in the other. 
The differences in fruit yield as a result of cover crop treatments 
were not statistically significant. In both orchards highest average 
yields were obtained with the weeds 'and cultivation practice. In 
the East Bench fruit farm trees under vetch cover were second, 
followed by those under alfalfa. The soils under cultivation prac-
tice contained the highest content of nitrate nitrogen (table 12). 
This may account for the good results from trees without a stan-
dard cover crop in comparison with those under vetch or alfalfa. 
In spite of the higher yields obtained in the cultiv·ated plots, 
such a practice has not usually been found best in actual farm 
operations or in experiments in other states covering longer periods 
of time. Weed growth alone is seldom great enough to maintain 
soil organic matter or to be effective in preventing soil erosion. 
Consequently, unless a good supply of farm manure is available, 
soil organic matter is gradually depleted with such a practice, 
resulting in a soil with poor physical condition, poor water ab-
sorbing and holding properties, and a high susceptibility to 'erosion, 
and in trees of low vigor. If adequate farm manure is available, 
however, to maintain soil organic matter, a modified clean cultiva-
tion practice might be quite acceptable for many peach orchards 
in Utah where cover crops are not needed for erosion control. Some 
difficulties were encountered in the East Bench orchard from in-
adequate irrigation. During some of the years of the experiment, 
the orchard was allowed to become so dry that the fruit failed to 
~evelop normally, and in many cases wilted on the trees. Alfalfa 
with its high water requirement accentuated the drought condition, 
and the trees under alfalfa showed somewhat more wilting and 
fruit loss than trees under other ,cover practices. 
Some measurements of irrigation water in the Dalton orchard 
indicated that on this gravelly soil the water requirements were 
nearly doubled by the alfalfa cover. 
CHARACTERISTICS OF FRUIT IN RELATION TO SOIL 
MANAGEMENT PRACTICES 
The size, color and grade of fruit produced is of prime impor-
tance to fruit growers. The fruit harvested was graded ac-
cording to U. S. grade standards into U. S. no. 1-2-inch minimum, 
U. S. no. 1-17'4-inch minimum, and culls. The average grades of 
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fruit for the Dalton orchard over the five-year period are shown 
in table s. These data show that neither fertilizer nor cover crop 
treatment had any influence upon the percentage of marketable 
fruit. This lack of any difference in grade from the different treat-
ments is largely a result of the pruning and thinning operations 
which were carried out to give m'aximum yields of 2~ -inch 
peaches. Weak trees were pruned and thinned heavier to obtain 
desirable fruit size so that this factor would be uniform for all 
treatments. 
Table 5. The average grade 01 peaches lor live years in relation to soil 
management practices. (Dalton orchard) 
Harvested fruit in each grade 
Treatment 1 2 3 
percent 
Nitrogen ........................................................ 89.0 
Phosphate ...................................................... 89.2 
Nitrogen plus phosphate ............................ 89.5 
Farm manure ................................................ 89.3 
4.5 6.5 
4.1 6.7 
4.1 6.4 
4.1 6.6 
No fertilizer .................................................. 88.5 4.7 6.8 
Cultivation .................................................... 91.0 3.3 5.7 
Vetch cover .................................................... 88.0 5.0 7.0 
Alfalfa cover .................................................. 88.1 4.7 7.2 
The color of fruit produced under the various treatments was 
distinctly different. Fruits from trees receiving phosphorus ,and 
no fertilizer were higher in yellow, red, and orange color at time 
of harvest than fruit from trees receiving nitrogen or manure. 
Mature fruit on trees receiving nitrogen and barnyard manure 
was usually much greener in color at picking time than fruit from 
other trees. Time of maturity was also affected by fertilizer and 
cover crop treatment. From the data in table 6 it is clear that 
nitrogen and manure delayed maturity. On some trees this delay 
ranged from five to ten days and even then the fruits were imma-
ture when harvested. Peaches from trees receiving phosphate 
Table 6. The average date 01 harvest 01 Elberta peaches over a five-yeari 
period in relation to soil management practices. (Dalton orchard) 
Percent of total harvest made at each picking 
Treatment 1st picking* 2nd picking 3rd picking 
Nitrogen ............................................ 35.7 
Phosphate .......................................... 55.9 
Nitrogen plus phosphate ................ 33.1 
Farm manure .................................. 40.5 
No treatment .................................... 65.0 
percent 
38.4 
34.7 
35.6 
40.0 
26.6 
25.9 
9.4 
31.3 
19.5 
8.5 
*Days between first and second pickings varied from three to five. Days be-
tween second and third pickings varied from three to four. • 
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ripened in about the same manner ·as those that were not fertilized. 
Where phosphate and nitrogen were both used fruit maturity was· 
about the same as where nitrogen was used alone. The general 
fertilizer effects on date of m·aturity were for fertilizer materials 
containing nitrogen to delay harvest several days and for phos-
phate m,aterials to have no effect. During the five-year period 
covered in these tests, the number of days between first and sec-
ond pickings varied between three and five, and the number of 
days between second and third pickings from three to four. 
TREE GROWTH IN RELATION TO SOIL MANAGEMENT 
PRACTICES 
Tree trunk circumferences and the annual terminal growth 
on 20 ~imbs of each tree were measured each year just before 
pruning in February. These measurements are shown in tables 7 
Table 7. Avera~e of terminal branch ~row h per tree per year as related to 
fertilizer treatments and cover crop practices. (East Bench fruit 
farm) 
Fertilizer 
Nitrogen 
Year 
1940 
1941 
1942 
1943 
1944 
Vetch Cultivation Alfalfa 
9.0 
12.5 
12.6 
10.5 
6.9 
inches per year 
8.2 7.8 
13.2 9.9 
12.0 12.0 
12.0 11.7 
5.2 7.8 
Fertilizer 
average 
Avemge __ ~~ ____ ~1~0~.3 ______ ~1~0.~I ______ ~9~.~8 ______ ~1~0~.I~_ 
Phosphate 1940 7.4 12.2 6.5 
Average 
Nitrogen plus 
phosphate 
1941 5.4 12.6 9.1 
1942 12.9 12.8 9.3 
1943 10.7 10.3 10.7 
1944 5.5 5.2 7.4 
8.4 10.6 8.6 
1940 8.4 10.0 10.1 
1941 13.6 12.0 11.6 
1942 12.0 13.9 13.9 
1943 12.8 11.1 12.7 
1944 7.1 5.6 8.2 
9.2 
Manure 
Average __ ~~ ______ 1~0~.8~-----1~0~.5------~I~I.~3------~1~0~.9~-
1940 9.4 8.9 7.4 
1941 13.4 13.2 12.0 
1942 13.7 12.8 12.9 
1943 12.8 12.6 11.4 
1944 7.6 4.9 8.5 
Average __ --:-:-:--______ I-=1_.4:-_____ 1~O__:.5-------1_:_0._:_4--------.:1~0:..:...8=----
No fertilizer 1940 7.6 9.9 7.8 
1941 11.4 12.9 10.5 
1942 12.2 13.2 11.9 
1943 10.3 11.5 10.0 
1944 6.2 5.1 8.4 
Avemge ____________ ~9.-5-------10~.__:5------~9:..:...:..:..7--------~9~.9---
Cover crop average 10.1 10.4 10.0 
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and 8. Like the fruit size, the shoot growth was controlled to some 
extent by severity of pruning and fruit thinning. These data in-
dicate that on an average the greatest growth in the East Bench 
orchard was made by trees treated with nitrogen plus phosphorus 
fertilizers or with manure· Nitrogen ·alone resulted in slightly less 
average growth, followed in turn by no fertilizer, and phosphorus 
alone. Differences in growth were not large, however, and were 
not statistically significant. There was no appreciable difference 
in growth. as a result of the three cover crop treatments. Terminal 
growth on trees of the Dalton orchard (table 8) was slightly less 
Table 8. Average 01 terminal branch growth per tree per year as related to 
fertilizer treatments and cover crop practices. (Dalton orchard) 
Fertilizer 
Fertilizer Year Vetch Cultivation Alfalfa average 
inches per year 
Nitrogen 1940 4.4 3.8 4.0 
1941 5.0 6.2 5.0 
1942 12.0 12.6 10.9 
1943 6.0 9.7 8.4 
1944 10.5 8.4 10.3 
Average 7.6 8.1 7.5 7.7 
Phosphate 1940 4.3 3.9 3.3 
1941 4.8 4.4 4.1 
1942 8.5 10.3 10.0 
1943 6.1 5.9 8.8 
1944 6.5 6.4 9.7 
Average 6.0 6.2 7.2 6.5 
Nitrogen plus 1940 4.7 3.8 3.0 
phosphate 1941 5.9 5.6 3.8 
1942 12.9 13.3 10.9 
1943 10.4 8.9 9.8 
1944 10.1 7.5 10.8 
Average 8.8 7.8 7.7 8.1 
Manure 1940 3.6 3.6 3.1 
1941 6.8 5.2 4.5 
1942 12.3 12.4 10.6 
1943 8.1 11.0 11.9 
1944 10.2 9.0 9.6 
Average 8.2 8.2 7.9 8.1 
No fertilizer 1940 3.8 3.6 3.1 
1941 3.8 4.8 3.7 
1942 10.8 10.5 8.0 
1943 4.5 7.9 9.6 
1944 6.9 4.6 9.3 
Average 6.0 6.3 6.7 6.3 
Cover crop average 7.3 7.3 7.4 
than that on the East Bench fruit farm, but the relative order 
of growth was similar with the various fertilizer treatments. Maxi-
mum growth in the Dalton orchard was recorded with the nitrogen 
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plus phoshorus treatment or with manure, followed by nitrogen 
alone, phosphorus alone, and last, no fertilizer. Differences in 
growth from fertilizer treatments were statistically significant for 
this orchard. The ,average growth was not appreciably influenced 
by different cover cropping practices but consideration of growth 
during the last year of the experiment, 1944, when cumulative 
effects would be greatest, shows similar trends in both orchards 
for trees receiving no fertilizer or phosphate. In these instances 
growth was greatest under alfalfa, followed by vetch and with the 
cuI tivation practice last. 
The low vigor of trees receiving only phosphorus or no fer-
tilizer was shown by their deformed and weakened 'appearance at 
the conclusion of the five-year experimental period. Many major 
branches had to be cut out of these trees because of death or 
weakened condition. 
The average increase in cross-section areas of trunk over the 
five-year period is shown in tables 9 and 10. Area increases cor-
respond fairly well with average terminal growth. The greatest 
Table 9. Increase in radial cross section of trunk area of Elberta peach trees 
during five years as related to soil management practices. (East 
Bench fruit fann) 
Nitrogen 
Cover crop Nitrogen Phosphate and Manure 
phosphate 
square inches per tree 
Cultivation .................... 12.1 12.2 14.9 13.7 
Vetch .............................. 12.5 11.7 15.5 16.0 
Alfalfa ............................ 13.5 9.9 13.4 12.7 
Average .......................... 12.7 11.3 14.6 14.1 
Difference between average trunk areas necessary for significance 
(Odds 19:1) == 2.2 
No 
fertilizer 
14.0 
15.0 
10.9 
13.3 
Table 10. Increase in radial cross section of trunk area of Elberta peach trees 
during four years as related to soil management practices. (Dalton 
orchard) 
Nitrogen 
Cover crop Nitrogen Phosphate and Manure 
phosphate 
square inches per tree 
Cultivation .................... 13.5 11.5 13.1 14.3 
Vetch .............................. 9.7 8.9 14.8 13.1 
Alfalfa ............................ 9.9 9.2 10.2 12.8 
Average .......................... 11.0 9.9 12.7 13.4 
Difference between average trunk areas necessary for significance 
(Odds 19:1) == 2.9 
No 
fertilizer 
11.2 
8.9 
8.5 
9.5 
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average increase in trunk area was made with nitrogen plus phos-
phorus or with manure in both orchards, but there were many 
variations in results which make the data difficult to interpret 
alone. A correlation coefficient of 0.533 between the increase in 
trunk area and terminal growth was found for the Dalton orchard. 
This value was statistically significant. For the East Bench fruit 
farm the correlation between increase in trunk area and terminal 
growth was 0.544 which was also highly significant. These data, 
in general, show a fair agreement between increase in trunk 'area 
and terminal growth, although identical relationships were not 
obtained with both types of measurements. Since trunk measure-
ments are less laborious, they are usually recommended for ex-
perimental purposes if both types of growth measurement are not 
to be taken. In these studies, however, the calculated increases 
in trunk area were more variable than terminal shoot growth meas-
urements for individual years. 
SOIL COMPOSITION IN RELATION TO SOIL MANAGEMENT 
PRACTICES 
Nitrate Nitrogen: The soil around each of the experimental 
trees was sampled four times during each year: the first time 
when trees were in full bloom, the second during the June drop, 
the third during the middle of July, and the fourth at harvest, 
usually the first week of September. The average nitrate nitrogen 
content ~at these periods in the first and second foot depths of soil 
is shown in table 11. -
Table 11. Average content of nitrate nitrogen over a five year period in an 
orchard soil at four dates as related to fertilizer treatment. (Dalton 
orchard) 
Soil 
Treatment depth May June July Sept. Average 
feet 
Nitrogen _. ___________ _____ __ __________ 1 
2 
Phosphate ____________________________ 1 
2 Nitrogen plus ____________________ 1 
phosphate ______ ______________ 2 
Farm manure _____ ___ ______________ 1 
2 No fertilizer __ __ ________ __ ___ _______ 1 
2 
Average _________ ______________ _______ 1 
2 
ppm 01 nitric nitrogen in soil 
18.27 21.06 19.74 15.42 18.62 
4.78 8.51 3.71 1.95 4.74 
3.46 6.19 7.30 6.82 5.94 
.90 1.84 1.74 1.11 1.40 
17.64 20.37 15.44 10.26 15.93 
5.20 7.94 3.32 2.04 4.62 
7.03 11.97 17.17 13.57 12.43 
3.13 3.33 3.98 3.35 3.45 
5.40 5.75 7.55 5.00 5.93 
1.29 1.84 2.13 1.05 1.57 
10.36 
3.06 
13.07 
4.69 
13.44 
2.98 
10.21 
1.90 
11.77 
3.16 
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These results for the first foot show that the nitrate nitrogen 
in the soil increased slightly between early spring and the middle 
of the summer, and decreased slightly at the period of harvest. 
The ,ammonium sulfate treatment increased the nitrate nitrogen 
in the soil. Farm m·anure failed to raise the nitrate nitrogen as high 
as did the ammonium sulfate fertilizer. The nitrate-nitrogen rela-
tionships between soils treated with farm manure ·and those receiv-
ing a nitrogen fertilizer are of special interest. Soils treated with 
nitrogen fertilizer (average of nitrogen ·and nitrogen plus phos-
phate) averaged about 18 parts per million (p.p.m.) of nitrate 
nitrogen in May, 20 p.p.m. in June, and 13 p.p.m. in September, 
compared with 7, 12, and 13 for the manured soil. It thus appears 
that f.arm manure supplied less nitrogen during the period of rapid 
tree growth in early spring. In fall, nitrogen in the manure had 
become well converted into available forms, so that manure com-
pared favorably with nitrogen fertilizer during that period. 
Data for the second foot depth show that treatments contain-
ing nitrogen fertilizer, and also the farm manure treatment resulted 
in a penetration of nitrate nitrogen into the second foot of soil 
throughout the growing season. Commercial nitrogen fertilizer 
gave greater concentrations of nitrate nitrogen in the second foot 
early in the season than did farm manure. In the July sampling 
there was no appreciable difference in manure and commercial 
nitrogen fertilizer treatments insofar as nitrate nitrogen in the 
second foot of soil depth was concerned. Consider.ation of these 
trends indicates that results with manure might be improved by 
a small supplemental treatment 'with a commercial nitrogen fer-
tilizer to induce greater vegetative growth in trees during spring 
months. 
Data of table 12 show the nitrate nitrogen contents of the 
Table 12. Average content of nitrate nitrogen in orchard soil under three cover 
crop practices for each year of the experiment. (Dalton orchard) 
Cover crop 
practice 1940 1941 1942 1943 1944 Average 
feet ppm of nitrate nitrogen in soil 
Cultivation .......... 1 7.40 16.01 17.88 11.45 15.73 13.69 
2 1.09 3.40 3.82 5.25 4.69 3.65 
Vetch .................... 1 9.36 11.45 10.01 12.57 10.35 10.74 
2 1.35 2.38 2.40 4.35 3.33 2.76 
Alfalfa .................. 1 4.02 10.01 13.07 12.20 15.93 11.04 
2 0.48 1.89 3.54 5.35 4.07 3.06 
Average .............. 1 6.92 12.49 13.66 12 .08 14.00 11.83 
2 0.98 2.55 3.25 4.98 4.03 3.15 
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soil for the five years in relation to cover crop practices. The ,cul-
tivation treatment gave a higher average nitrate nitrogen content 
in the soil than did either vetch or alfalfa. This difference was 
particularly marked during midsummer months and was possibly 
the result of the vetch tying up part of the nitrogen during decom-
position and not releasing it until the latter part of the summer, 
and also the result of the alfalfa cover removing part of the nitrate 
nitrogen from the soil. 
Soil Organic Matter: A good supply of soil organic m·atter is 
essential to high yield in a peach orchard. Any practice which 
tends to deplete this supply will eventually reduce crop produc-
tion. Soil from the Dalton orchard was analyzed for organic mat-
ter at the beginning and end of the experiments to help evaluate 
the long-time effects of the various treatments. The average 
organic content of the soils in 1940 and again in 1944 in relation 
to the cover crop treatments 'are shown in table 13. The largest 
increase in organic matter was obtained from alfalfa cover, fol-
lowed by vetch. While these data are not statistically significant 
they do indicate the results that might be anticipated from these 
practices, except that over a longer period of time a decrease in 
organic matter under 'a cultivation practice might be expected. 
Table 13. The organic matter content of a peach orchard soil at the beginning 
and conclusion of a five year experiment. (Dalton orchard) 
Cover crop practice 
Soil 
depth 
feet 
Cultivation ______________ ____ ______________ 1 
2 Vetch _________ _______________________________ __ 1 
2 Alfalfa ____________________ __ _________________ _ 1 
2 
Organic matter in soil 
1940 1944 
percent 
2.16 2.23 
1.58 1.63 
2.04 2.20 
1.42 1.42 
2.18 2.48 
1.38 1.38 
DISCUSSION 
Percent 
change 
Gain 3.2 
Gain 3_1 
Gain 7_8 
Gain 0.0 
Gain 13_8 
Gain 0_0 
THE APPEARANCE OF SHOOTS, bark, branches, and leaves indicates 
the nutritional status and needs of fruit trees. An observing 
grower soon learns to distinguish between poorly nourished and 
well nourished peach trees; and an efficient grower soon appre-
ciates the advantages of good nutritional condition in his orchard. 
ORGANIC MATTER 
In many investigations on peach tree fertilization it has been ob-
served that organic matter is 'a highly important factor in contri-
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buting to heavy yields. Manures and plant residues are the prin-
cipal sources or organic matter for orchardists. These must be 
renewed in the soil with fresh supplies annually for proper growth 
and development of soil organisms which are important in supply-
ing the plant with essential nutrients. Organic matter also improves 
soil water absorbing and holding capacities, and soil aeration. 
With ample supplies of organic matter present in the soil peach 
trees will utilize nitrogen and phosphorus additions more effi-
ciently. The deep incorporation of organic matter in the soil does 
not appear to be as important as many growers believe. There is 
a tendancy among most orchardists to buy large heavy disks and 
then use them too much and too often for the best development of 
the trees. Four inches is a maximum depth for cultivation in a 
mature orchard. Deeper tillage may injure many roots which feed 
in the fertile topsoil. 
FARM MANURE 
Farm manure has been generally recognized as one of the most 
important fertilizer materials in Utah but supplies ·are generally 
limited to orchardists. Its importance in increasing the production 
of crops is substantiated by experiments reported in this bulletin. 
An average application, however, does not provide an adequate 
supply of nitrogen for m·aximum production. It is of importance, 
therefore, that farm manure is so handled in the orchard program 
that its nitrogen content will be conserved 'and made available 
to the trees to the maximum extent possible. General studies on 
management of farm manure show that it loses a considerable 
part of its nitrogen by poor handling in the farmyard, and by 
permitting it to lie on top of the soil several days after distribution 
before it is turned under. Careful attention to these two factors 
may double the ·average available nitrogen supply in a given num-
ber of tons of manure. In the barnyard, manure should be stored 
on ·a tight floor and in a compact pile with leaching held to a 
minimum. To conserve nitrogen further, manure should be disked 
into the ground on the day in which it is distributed unless a rain 
storm follows immediately and leaches the soluble nitrogen down 
into the ground. If manure 'Contains considerable straw or bedding 
material, the nitrogen present may be slowly available to plants. 
In general manure should be supplemented with some nitrogen 
fertilizer, probably at a rate about half as heavy as .is ordinarily 
used without manure. Manure is generally -applied at about 10 
tons per 'acre to give most economical returns, but poultry manure 
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should be applied at lower rates. Concentrated chicken manure 
may burn trees if applied in excess of about 5 tons per acre, par-
ticularly on sandy soils. 
NITROGEN 
The most noticeable effect of available soil nitrogen on plants is 
a stimulation of vegetative growth. Where other growth factors 
are optimum, trees well supplied with nitrogen grow luxuriantly. 
Peach trees under such conditions produce long shoots with large 
dark green leaves. In general the leaves are not only darker green 
in color, but they are also more numerous and larger than those 
on trees lacking sufficient nitrogen. Trees deficient in nitrogen are 
less thrif.ty in general appearance, have small light green to green-
ish yellow leaves, which under extreme conditions develop small 
red spots here and there that drop out later, leaving holes in the 
leaves. Terminal shoot growth is short ranging from one-half to 
six inches in length. 
Fruit from trees low in nitrogen is small, generally highly 
colored, and earlier in maturity than from adjacent trees that are 
well supplied with nitrogen. Most fruit from trees low in nitrogen 
may be harvested in ·a single picking, or at most two pickings. 
Where the nitrogen supply is abundant the first picking will be 
light, the second heavier, with ·a heavy third and sometimes a 
light fourth picking. Peach maturity is delayed under conditions 
of high nitrogen supply when compared with trees lacking in this 
element. Where the nitrogen supply is excessive the fruit will 
begin to soften and ripen with pr~ctically no yellow or red color 
developing. This makes ·an unattractive product from the con-
sumer's point of view. Yields are usually heavy on trees well sup-
plied with nitrogen. 
Time of Application of Nitrogen: Recommendations over the 
country suggest fall, winter, and spring applications of nitrogen. 
Under conditions of nitrogen deficiency time of application is more 
important than where the supply is ample. The important thing 
to remember about time of ·application is to have the nitrogen in 
the trees when it is used in largest quantities. This is in early 
spring when the flush of new growth is making maximum demands 
on plant food and nutrients. 
Best time for application will vary with forms of nitrogen 
used, with types of soil, with amount of rainfall, and some other 
factors. Each grower must m'ake his own decision in this matter. 
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In making this decision it is well to remember that nitrate forms 
of nitrogen move more rapidly in the soil zone where feeder root 
concentration is greatest by the time the roots become active in 
spring. The depth of heaviest root concentration will vary some-
what but in cultivated orchards usually ranges between 6 and 18 
inches; in non-cultivated orchards roots may be somewhat closer 
to the surface. If the nitrogen fertilizer is applied sometime in late 
February or early March in Utah, it should reach the heaviest 
concentration of roots before active spring growth starts. Tree 
roots are active at temperatures just above freezing ·and will prob-
ably take up some nitrogen all winter long under our conditions. 
For conduction of nitrogen from roots to the above-grou.nd por-
tions of the tree a temperature of 45° F. or higher is necessary. 
Daytime temperature probably exceeds this 45° F. minimum over 
a considerable period from November to time of bloom thereby 
providing ·ample opportunity for the nitrogen to be translocated 
nearer the growing points where it is used. 
The surest way to determine best time of application is by 
orchard trials followed by careful observations of results obtained. 
A void spreading fertilizer on frozen ground where it may be 
washed off before penetrating the soil. 
Rate of Application: The rate of -application of nitrogeneous fer-
tilizers should be such as to give proper amount of tree growth 
and maximum annual yields of fruit of satisfactory size, color, 
quality, and grade. Tree spacing, depth and type -and management 
of soil, age, size, variety and condition of -trees, type of fruit de-
sired, pruning practices, and available water supplies are factors to 
be considered in rate of application. The only way the proper 
amount can be determined is by individual grower trial. Under 
average -orchard conditions a general rate of application of a 20 
percent nitrogen fertilizer would vary around one-half a pound 
per inch of trunk diameter near the base. By this method a peach 
tree eight inches in diameter would receive four pounds of am-
monium sulfate a year. In deciding the amount of nitrogen to 
apply it should be remembered that 500 bushels of peaches con-
tain 27 pounds of nitrogen or the -amount in 135 pounds of am-
monium sulfate. The rate should be high enough to produce 8 to 
12 inches of shoot growth in addition to a full crop of fruit each 
year. 
Method of Application: Most nitrogen fertilizers can be broad-
cast on the soil surface with s-atisfactory penetration to the root 
zone if there is ample rainfall. Nitrate forms of fertilizer move 
downward more readily than ammonia. Band placement of fer-
tilizer down into the soil near the position of irrigation furrows 
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often gives better results than broadcasting, especially where ele-
ments other than nitrogen are included in the fertilizer. In the 
placement method the fertilizer is drilled in much the same as 
wheat. 
PHOSPHORUS 
In most fruit growing areas phosphate fertilizers have not been 
found helpful in improving either yield or quality of pe~ches. 
Heavily bearing trees need only about one-eighth 'as much phos-
phorus as nitrogen. In spite of the amounts required, phosphorus 
is highly essential for growth, and yields are greatly reduced where 
it is deficient. Many orchard cover crops have high phosphate 
needs and phosphate fertilizers in many instances benefit orchards 
more indirectly by improving growth of cover crops than through 
direct nutrition of the trees. The generally favorable results from 
phosphate fertilizers with trees well supplied with nitrogen in ex-
periments in Utah, however, supports their use here. 
Time of Application: The time of application of phpsphorus to 
peach trees does not appear to be as important as with nitrogen. 
Under commercial ,conditions these two elements are usually ,ap-
plied together. Greater utilization of phosphate fertilizers has been 
reported when the material is applied during active growt.h. 
Rate of Application: There is little evidence on amounts of phos-
phate fertilizer needed by peach trees. The ,amount of available 
phosphorus already present in the soil and cover crops used are 
factors in determining rate of application. These experiments show 
that a combination of nitrogen and phosphorus gave highest yields 
of satisfactory commercial fruit. Probably phosphate fertilizer 
equal in available phosphate content to the quantity of nitrogen 
applied in fertilizers ·annually, should be applied to a bearing 
orchard every second or third year. 
Method of Application: The method of applying phosphate fer-
tilizers is important. M·any investigators report no response of 
fruit trees to applications of superphosphate fertilizers. In some 
of these investigations the lack of response was probably the result 
of surface applications of fertilizer. In order for superphosphate to 
become available to fruit trees in any appreciable quantity it must 
be placed in the vicinity of the roots and not on the surface of the 
soil. In arid soils of this region the water soluble phosphorus in a 
fertilizer reacts with the lime in the soil to become insoluble in 
water. If this material is near the roots of the plant it can be made 
available to some extent again by root action even after becoming 
insoluble in water. If it is on the surface of the soil and becomes 
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insoluble in water it is of no value to the trees because it cannot 
move downward to the roots. 
For maximum utilization of phosphate fertilizers band place-
ment or disking under is necessary. Fertilizer placement -attach-
ments can be adapted to most common orchard disks for band 
placements or a special fertilizer drill may be used. A surface ap-
plication followed by disking or plowing may be substituted for 
band placements until equipment for more satisfactory application 
is available. Placing phosphorus fertilizer at a four-inch depth 
is usually sufficient. 
COVER CROP PRACTICES 
Although the data obtained over the five years covered by experi-
ments reported in this bulletin did not show any distinct benefit 
from cover crop practices in terms of either fruit yield or tree 
growth, it is a general experience that orchards cannot be main-
tained over long periods of time without adequate means for 
maintaining organic matter -and controlling erosion. Utah fruit 
growers cannot afford to ignore this universal experience. There 
are -a number of crops which might be grown in peach orchards 
to advantage. 
RECOMMENDATIONS FOR PEACH ORCHARD SOIL 
MANAGEMENT IN UTAH 
1. Peach orchards should be located on deep, fertile soils 
ranging in texture from sandy loam or gravelly loam to silt loam. 
The subsoil should not be heavier than a light friable day loam 
with no water table closer than six feet below the soil surface. 
Soils exceptionally high in calcium carbonate, or which contain 
an accumulation of lime within the upper subsoil should be 
avoided unless preliminary trials in the area indicate that chloro-
sis is not a problem. 
2. The orchard should be located in an area relatively free 
from winter temperatuers below -120 F . and free from late spring 
frosts. A location on a long slope permits the cold air to drain 
away from the trees. 
3. In conjunction with pruning and thinning practices, 
fertilizer and soil management treatments should be adjusted so 
as to obtain satisfactory tree growth and maximum yields of 
peaches 2~ inches in di,ameter having acceptable commercial 
quality. Eight to twelve inches of new shoot growth each year 
is a satisfactory amount. 
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4. Organic matter should be added to the orchard every 
year. To provide this a cover crop such as winter vetch, Austrian 
winter peas, biennial sweet clover, Hubam clover, small gr,ains, or 
some other crop may be grown. Farm manure is also an excellent 
source of organic matter as well as plant nutrients and should be 
used wherever ~avai},able. 
5. Commercial fertilizers should be applied to obtain proper 
tree growth and maximum yields of desirable commercial fruit. 
For average conditions an applicati'On in March of one-half pound 
of ammonium sulfate, or equivalent nitrogen con.tent of other fer-
tilizer, per inch of trunk is desirable. For many orchards best 
results will be obtained by adding phosphate fertilizer in addition 
to nitrogen every second or third year. The combination treat-
ment may consist of treble superphosphate at 200 to 300 pounds 
per acre (or other phosphate fertilizers at comparable y;ates of 
plant food), in addition to the nitrogen fertilizer at the above rate, 
or 'a mixed fertilizer such as 10-20-0, 16-20-0, or 10-10-0, to furnish 
the recommended 'amoun.ts of nitrogen. The phosphate-containing 
fertilizers should be placed in the ground to a depth of three or 
four inches. 
6. Where water and other conditions permit, cultiv'ation 
pr,actices should be adjusted to obtain maximum tonnage of 
organic matter from the cover crop before cutting it in. This will 
be at about full bloom. The plant residue should be cut into the 
surface soil only. The orchard should not be cul,tivated m'Ore than 
twice 'a year and never deeper than four inches. The addition of 
100 pounds of ammonium sulfate per acre is desir,able just before 
putting in the cover if done in the early growing season. 
7. Irrigation should be according to the needs of the tree. 
Abundant water is required by fruit during the ripening period. 
At each irrigation the entire soil area between tree rows should be 
wet. Where chlorosis is a problem, special precautions should be 
taken to avoid 'Over-irrigation. After peach harvest, water should 
be withheld to mature wood for winter, but the soil must be moist 
during winter. 
SUMMARY AND CONCLUSIONS 
1. Experiments were conducted over a five-year period in 
Elberta peach orchards near Willard and Spanish Fork, Utah. The 
treatments used included five types of fertilizers repeated under 
each of three cover crop practices. 
The fertilizer treatments used were as follows: ammonium 
sulfate, 3 pounds per tree; treble superphosphate, 3 pounds per 
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tree; nitrogen and phosphorus combined, at the above rates; cow 
manure, 10 tons per acre; and no fertilizer. 
The cover crop practices included alfalfa, hairy or winter 
vetch, ·and combination weeds -and clean cultivation. 
2. The average peach yields were greatest in both orchards 
with the combined nitrogen and phosphorus fertilizer treatment 
but there was no consistent difference in yields from nitrogen. plus 
phosphate, nitrogen alone or farm m'anure treatments. Nitrogen 
alone ,and manure ranked second and third, respectively, however, 
in relation to average yields. Yields were not significantly affected 
by cover crop practiCe, although the average yields were slightly 
higher with the combination cultivation and weeds pr,actice. 
3. The grade of fruit was about the same irrespective of 
fertilizer treatment or cover crop practice. 
4. The date of peak harvest was delayed three to five days 
by nitrogen fertilizer and farm m,anure treatments. Phosphate 
fertilizer treatments had no measurable influence on the date of 
harvest of fruit. 
5. Terminal growth ,and increase in trunk area of the trees 
were closely similar for the two treatments containing ammonium 
sulf.ate and for the one with farm manure. The average growth 
was greatest, however, under the combination nitrogen and phos-
phorus fertilizer treatment, followed by trees receiving phosphate 
alone or no fertilizer. Tree growth was not significantly different 
under the three different cover crop practices. 
6. Soil analysis data indicate that the farm m·anure treat-
ments failed to supply as much ,available nitrogen to the trees 
during the spring and early summer -as was furnished by the com-
mercial nitrogen fertilizer treatments. 
7. Although the cover crop practices studied failed to influ-
ence significantly tree growth or yield, or quality of fruit over the 
five-year period of these experiments, cover crop practices are 
recommended because of their long-time effects in improving the 
air and water relations of soil, in controlling erosion, and in serv-
ing as a source of supply for soil organic m·a.tter. 
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APPENDIX 
Table 2A. Analysis of variance of peach yields as influenced by soil manage-
practices. (Dalton orchard) 
Source of Degrees of Mean square for years 
variation freedom 1940 1941 1942 1943 1944 
Green manures ___________ 2 17,422 13,090 1,550 40,038 24,680 
Blocks __________________________ 1 80,498 9,048 2,504 34,004 8,069 
Blocks x green 
manure (error) ________ 2 19,716 68 5,104 58,111 16,598 Fertilizers ____________________ 4 9,266 25,382** 33,496** 68,058** 18,814 
Fertilizer x green 
manure ______________________ 8 2,194 5,356** 5,144 5,144 4,150 Error ____________________________ 12 4,715 879 3,818 7,506 7,490 
** Values significant with odds of 99:1 
Table 7 A. Analysis of variance of annual terminal growth as influenced by soil 
mana~ement practice. (East Bench fruit farm) 
Source of Degrees of Mean square for years All 
variation freedom 1940 1941 1942 1943 1944 years 
Green manures ____ 2 23.94* 98.52 13.64 0.46 123.28 72.23 Blocks __________________ 2 145.78** 202.58 665.10* 245.88 60.72 746.43 
Blocks x green 
manure (err.) __ 4 2.52 42.64 35.28 92.30 28.38 472.21 
Fertilizers 4 10.96 10.04 16.36 24.18* 5.34 291.28** 
Fertilizer x green 
manure 
____________ 8 12.69 11.32 16_01 8.22 2.90 89.10 Error ____________________ 24 7.10 7.93 18.25 6.36 11.38 53.82 
Table 8A. Analysis of variance of terminal growth for five years in relation to 
soil management practice. (Dalton orchard) 
Source of variation Degrees of freedom 
Green manure ____________________________________________________________ 2 
Blocks ________________________________________________________________________ 1 
Blocks x green manure ____________________________________________ 2 
Fertilizers __________________________________________________________________ 4 
Fertilizers x green manure ______ -'_______________________________ 8 
Error ____________________________________________________________________________ 12 
**Value significant with odds of 9'9:1 
Mean square 
17.40 
16.13 
153.21 
441.86** 
41.25 
25.22 
Table 9A. Analysis of variance of increase in trunk area for five years in rela-
tion to soil management practice. (East Bench fruit farm) 
Source of variation Degrees of freedom 
Green manure ______________________________________________________ ------ 2 
Blocks ________________________________________________________________________ 2 
Blocks x green manure (error) ________________________________ 4 
Fertilizers __________________________________________________________________ 4 
Fertilizers x green manure ______________________________________ 8 
Error __________________________________________________________________________ 24 
**Value significant with odds of 99:1 
Mean square 
66.08 
161.70 
23.20 
62.17** 
15.53 
13.43 
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Table lOA. Analysis of variance of increase in trunk area for live years in 
relation to soil management practice. (Dalton orchard) 
Source of variation Degrees of freedom 
Green manure ............................................................ 2 
Blocks ........................................................................ 1 
Blocks x green manure ............................................ 2 
Fertilizers .................................................................. 4 
Fertlizers x green manure ........................................ 8 
Error .......................................................................... 12 
**Value significant with odds of 99:1 
Mean square 
67.46* 
42.25 
2.72 
69.04** 
12.16 
11.30 
Table 7-10-B. Correlation coefficients between tree growth measurements. 
I. Dalton Orchard 
Trunk area (Y) and terminal growth (X) between 5 years totals for 
trees r == 0.533** 
Standard error of estimate == 2.439 
Mean increase in trunk area == 11.33 
Standard error == 21.5 percent of mean value of trunk area 
Standard deviation of trunk area == 5.467 
Standard error of estimate == 44.467 percent of standard deviation of 
trunk area 
II. East Bench Fruit Farm 
r == 0.544** 
Standard error of estimate == 2.925 
Standard deviation of trunk growth == 3.466 
Mean increase in trunk area == 13.2 
Standard error of estimate == 84.4 percent of standard deviation of 
trunk growth 
Standard error of estimate == 22.1 percent of mean value of trunk area 
Table l1A. Analysis of variance 01 the nitrate nitro~en content 01 soil in relation to soil treatment and time 01 season. (Dalton 
orchard) 
Degrees of Mean square of variance 
Source of variation freedom 1940 1941 1942 1943 1944 Total 
1st loot 
Cover crops ______ ___ __ __ ________ ____ ___________ __ ______ 2 292.17 392.80 629.75 13.04 345.95 2,773.32 Blocks _________________________ _____ ___________ ________ _____ 1 43.23 454.74 105.66 31.41 6.91 846.83 
Cover crops x blocks (error) ________________ 2 165.73 54.95 77.71 133.83 657.19 796.26 
Fertilizers ............... --------_ .... _ ....... _ ..... ........ _-------_ .. _- 4 343.34* 1,339.11** 1,487.32** 823.51** 552.35** 19,933.03 
Dates ___ . ____ ...... _______ ....... _______ ............... __ .... ___ __ _ .... _ ........ 3 313.82** 858.65** 221.17** 87.67** 686.52** 22,192.63** 
Fertlizers x cover crops _______ __ _______________ 8 68.14** 123.30** 95.18** 38.43** 88.24** 575.68** 
Fertilizers x dates __________________________________ 12 54.44** 149.29** 44.77** 131.48** 194.70** 1,175.43** Dates x cover crops ______________________________ 6 48.13** 164.11** 132.54** 125.53** 180.62** 1,019.50** 
Fertilizers x dates x cover crops ________ 24 33.84** 88.04** 35.56** 20.12** 79.75** 384.04** Error ________________________________________________________ 57 9.56 17.31 13.36 5.39 12.39 80.80 
2nd foot 
Cover crops ____________________________________________ 2 8.04 23.67 22.68 12.07 18.61 203.81 
Blocks ______________________________________________________ l' 0.17 2.67 0.23 1.83 20.17 12.95 
Cover crops x blcks (error) ____ ____________ 2 4.20 10.56 13.44 60.29 53.10 338.62 
Fertilizers -- ..... -----..... _- .. ----....... - ........... -------_ .......... 4 8.98** 67.53** 72.20** 158.91** 67.25** 1,547.79** 
Dates .. __ . _____ .. ___________ ......... _____ .. _____ ...................... __ .... _. 3 16.56** 51.19** 33.20** 296.36** 78.77** 997.14** 
Fertilizers x cover crops ______________________ 8 .46 3.86 10.97 11.02 12.42 25.13 Fertilizers x dates __________ __ ______________________ 12 1.57 10.00 12.16** 106.79** 26.84** . 307.84** Dates x cover crops _____________________________ 6 2.00 4.03 16.75** 79.60** 25.68* 143.77** 
Fertilizers x dates x cover crops ________ 24 0.67 8.80 3.45 27.28 7.35 65.81 Error ________________________________________________________ 57 1.25 6.02 4.42 16.92 8.16 44.20 
*Values significant with odds of 19:1 
**Values significant with odds of 99:1 
"0 
trl 
> (') 
:z: 
0 
~ (') 
:z: 
> ~ 
rJ'J 
0 
t= 
~ 
> Z 
> Cl 
trl 
is: 
trl 
Z 
~ 
rJ'J 
~ 
c:: 
t:j 
~ 
N 
~ 
